Genomic technologies, such as highthroughput genotyping based on SNP arrays, provided background information concerning genome structure in domestic animals. The aim of this work was to investigate the genetic structure, the genome-wide estimates of inbreeding, coancestry, effective population size (N e ), and the patterns of linkage disequilibrium (LD) in 2 economically important Sicilian local cattle breeds, Cinisara (CIN) and Modicana (MOD), using the Illumina Bovine SNP50K v2 BeadChip. To understand the genetic relationship and to place both Sicilian breeds in a global context, genotypes from 134 other domesticated bovid breeds were used. Principal component analysis showed that the Sicilian cattle breeds were closer to individuals of Bos taurus taurus from Eurasia and formed nonoverlapping clusters with other breeds. Between the Sicilian cattle breeds, MOD was the most differentiated, whereas the animals belonging to the CIN breed showed a lower value of assignment, the presence of substructure, and genetic links with the MOD breed. The average molecular inbreeding and coancestry coefficients were moderately high, and the current estimates of N e were low in both breeds. These values indicated a low genetic variability. Considering levels of LD between adjacent markers, the average r 2 in the MOD breed was comparable to those reported for others cattle breeds, whereas CIN showed a lower value. Therefore, these results support the need of more dense SNP arrays for a high-power association mapping and genomic selection efficiency, particularly for the CIN cattle breed. Controlling molecular inbreeding and coancestry would restrict inbreeding depression, the probability of losing beneficial rare alleles, and therefore the risk of extinction. The results generated from this study have important implications for the development of conservation and/or selection breeding programs in these 2 local cattle breeds.
INTRODUCTION
The global decline in livestock genetic diversity is mainly the result of the massive use of a small number of selected breeds. However, in recent years, an increasing interest in recovering and preserving local breeds has taken place (Sechi et al., 2007) . An interesting situation is represented by 2 Sicilian cattle breeds, Cinisara (CIN) and Modicana (MOD). These 2 breeds are well adapted to the harshness of marginal mountain areas of Sicily because of their good grazing characteristics and resistance to environmental conditions. Their economic importance lies in the traditional production systems of 2 typical pasta filata cheeses: Caciocavallo Palermitano and Ragusano P.D.O. (protected designation of origin; Guastella et al., 2011) . Therefore, the socioeconomic and ecological values and the historical, cultural, and genetic heritage of these 2 breeds are unquestionable.
Maintaining high levels of genetic diversity and limiting the increase of inbreeding are the premise of any conservation program (Frankham et al., 2002) . Single nucleotide polymorphism genotyping allows high-throughput interrogation of hundreds of thousands loci with high precision at an affordable cost that enables large-scale studies (Matukumalli et al., 2009) . Moreover, with the application of genome-wide SNP genotyping, studying the extent of linkage disequilibrium (LD; the nonrandom association of alleles at different loci) in livestock populations has gained more attention. The need to explore the genetic characteristics of these 2 Sicilian cattle breeds arises to determine the genetic status of these populations and their risk of damage and/or extinction.
The aim of this study was to characterize Cinisara and Modicana breeds from a genetic perspective because no previous studies on these breeds have been reported. In particular, we aimed to investigate the patterns of genetic structure, genetic variability, and LD.
MATERIALS AND METHODS

Description of Sicilian Cattle Breeds
The CIN breed is characterized by a uniform black coat and, less frequently, by a color-sided (lineback) coat. This breed is mainly reared in a restricted area of Sicily (northwest), and currently, about 5,000 animals are enrolled in the herd book, with an average herd size of 25 animals (Associazione Italiana Allevatori [AIA], 2014). The MOD breed is characterized by a solid red coat and is reared mainly in the eastern part of the island. The number of animals enrolled in the herd book is about 4,700, with an average herd size of 20 animals (AIA, 2014) . Neither breed is subject to breeding programs, and in the last 50 yr both breeds have undergone a progressive reduction in size, mainly because of the mechanization of agriculture and the introduction of more specialized and productive cosmopolitan breeds.
DNA Sampling and Genotyping
A total of 144 animals from 14 farms were sampled. Samples consisted of 72 CIN (68 cows and 4 bulls) and 72 MOD (69 cows and 3 bulls) animals born between 1999 and 2010 and chosen on the basis of their phenotypic profiles (morphological traits such as coat color) and information supplied by farmers (year of birth). The number of animals sampled per farm ranged from 8 to 12 individuals. For these cattle breeds pedigree data were not available. About 10 mL of blood were collected from the caudal vein using tubes with EDTA as an anticoagulant. Genomic DNA was extracted from buffy coats of nucleated cells using the salting-out method (Miller et al., 1988) . The concentration of extracted DNA was assessed with the NanoDrop ND-1000 spectrophotometer (NanoDrop Technologies, Wilmington, DE). CIN and MOD animals were genotyped for 54,609 SNP using the Bovine SNP50K v2 BeadChip (Illumina Inc., San Diego, CA) according to the standard operating procedures recommended by the manufacturer. Only the SNP located in the autosomes were considered in further analyses. Therefore, unmapped SNP were discarded. Markers were filtered according to quality criteria that included 1) call frequency (proportion of samples with the genotype at each locus; ≥ 0.98), 2) minor allele frequency (MAF; ≥ 0.05), and 3) Hardy-Weinberg equilibrium (HWE; P-value = 0.001). Single nucleotide polymorphisms that did not satisfy these quality criteria were excluded.
Genetic Relationship and Population Structure between Sicilian and Other Cattle Breeds
To understand the genetic relationship within and among breeds, genotypes from 1,543 other animals belonging to 134 domesticated bovid breeds were used (Decker et al., 2013) . These breeds arose from 3 domesticated (sub)species: Bos javanicus, B. taurus indicus, and B. t. taurus. Data editing was performed using SAS (SAS Inst. Inc., Cary, NC) and PLINK (Purcell et al., 2007) . Single nucleotide polymorphisms that did not satisfy the following quality criteria were discarded: 1) SNP located on autosomes and common to all breeds, 2) MAF ≥ 0.0005, and 3) SNP with genotyping rate ≥ 0.90 according to Decker et al. (2014) .
An identity-by-state (IBS) matrix of genetic distances (D) containing each pairwise combination of all individuals was generated using PLINK (Purcell et al., 2007) . Classical MDS analysis was applied to explore the similarities in the matrix. The cluster and mds plot options of PLINK (Purcell et al., 2007) were used. It should be noted that when MDS is applied to D, it is numerically identical to principal component analysis (PCA; Purcell et al., 2007) . The model-based clustering algorithm implemented in Admixture software (Alexander and Lange, 2011 ) was used to examine patterns of ancestry and admixture in our data set. Unlinked SNP were selected using the indep-pairwise option of PLINK (Purcell et al., 2007) to reduce the impact of the SNP ascertainment bias phenomenon, with the following parameters: 50 SNP per window, a shift of 5 SNP between windows, and r 2 threshold of 0.2. We used the default (5-fold) Admixture cross-validation procedure for values of K from 2 through 20, from which estimated prediction errors are obtained for each K value by adopting a kind of leave-one-out approach. The K value that minimizes this estimated prediction errors is then assumed to be the most suitable. The graphical representation was generated using the statistical R software (R Development Core Team, 2011).
Genetic Structure of Sicilian Cattle Breeds
Structure version 2.3.1 (Pritchard et al., 2000) was used to analyze the genetic structure, identify the true number of populations (clusters), and assign the individuals to each cluster and population. Genotypes from 96 animals of the Italian Holstein (HOL) cattle breed were included in the analysis. The software estimates the natural logarithm of the probability (ln Pr) that a given genotype (G) is part of a given population (K). The following quality control was applied: 1) SNP located on autosomes and in common between the 3 breeds, 2) MAF ≥ 0.05, 3) SNP with genotyping rate ≥ 0.95, and 4) HWE (P-value = 0.001). Unlinked SNP were selected as described above, and from these markers, a random set of 10,000 SNP was used. Analysis was performed considering both the admixture model and the correlated allele frequencies between populations (Pritchard et al., 2000) . Lengths of the burn-in and Monte Carlo Markov chain were 50,000 steps and 100,000 iterations, respectively. To estimate the most likely number of clusters in the data set, ln Pr(G|K) was calculated for each K ranging from 1 through 6 without prior information on breed and farm origins, running 50 independent replicates for each K. The estimates of genetic distances of each pairwise combination of individuals and MDS analysis were performed as reported above (Purcell et al., 2007) . The graphical representation was depicted using the statistical R software (http://www.R-project.org/). The same software was used to visualize the IBS matrix using the Heatmap function.
Inbreeding and Coancestry Molecular Coefficients, Rates of Inbreeding and Coancestry, and Effective Population Size in Sicilian Cattle Breeds
Following Caballero and Toro (2002) , the molecular coancestry (f) coefficient between pairs of individuals is defined as the probability that 2 alleles taken at random, 1 from each individual, are identical in state. Similarly, the molecular inbreeding (F) coefficient for each individual is defined as the probability that the 2 alleles of a locus are identical in state. The molecular f coefficient between individuals i and j was calculated as:
where N is the number of markers and I nk(i)m(j) is the identity of the kth allele from individual i with the mth allele from the animal j at locus n, which takes a value of 1 if alleles are identical and 0 if they are not. The molecular F coefficient for individual i was calculated as F = 2f ii -1 (i.e., f ii is the molecular self-coancestry). Thus, F was estimated as the proportion of homozygous genotypes. The rate of molecular inbreeding per year (ΔF) was computed by regressing the natural logarithm of (1 − F) on year of birth. The rate of molecular coancestry per year (Δf) was estimated in the same way, that is, by regressing the natural logarithm of (1 − f) for each pair of individuals on year of birth. Ne was estimated from the rates of inbreeding (N e F = 1/2LΔF) and coancestry (N e f = 1/2LΔf) per generation, assuming a generation interval L of 6 yr.
Linkage Disequilibrium
A standard descriptive LD parameter, the squared correlation coefficient of allele frequencies at a pair of loci (r 2 ), was obtained using PLINK (Purcell et al., 2007) . Pairwise r 2 between adjacent SNP was calculated on each chromosome. Moreover, r 2 was estimated for all pairwise combinations of SNP using Haploview version 4.2 (Barrett et al., 2005) . For each chromosome, the pairwise r 2 was calculated for SNP between 5 kb and 50 Mb apart. To visualize the LD pattern per chromosome, r 2 values were stacked and plotted as a function of intermarker distance categories.
RESULTS AND DISCUSSION
A descriptive summary of chromosomes and SNP is given in Supplemental Data Table 1 . The number of SNP per chromosome (BTA) after all filtering ranged from 2,635 (BTA1) to 746 (BTA27) in CIN and from 2,470 (BTA1) to 718 (BTA27) in MOD. The average density of SNP per Mb was 15 for CIN and 14 for MOD. The overall mean MAF was 0.279 ± 0.004 for CIN and 0.276 ± 0.007 for MOD; these values are in agreement with those reported by Matukumalli et al. (2009) in a study on development and characterization of a highdensity SNP genotyping assay for several cattle breeds. Among the 54,609 SNP included in the array, only 52,886 mapping to bovine autosomes were considered for further analysis. After screening, the final number of samples and SNP were 71 and 40,461 for CIN and 69 and 37,968 for MOD cattle breeds, respectively. The major point for SNP exclusion was MAF (11,090 SNP rejected for CIN and 13,829 SNP for MOD). 
Genetic Relationship and Population Structure between Sicilian and Other Cattle Breeds
Principal component analysis and ancestry models were used to cluster animals, to explore the relationships among and within breeds, and to place the Sicilian breeds in a global context. As demonstrated in previous studies in human (Tishkoff et al., 2009 ) and livestock species such as cattle (Bovine HapMap Consortium, 2009; Gautier et al., 2010) and sheep breeds (Kijas et al., 2012) , the combination of principal component 1 (PC1), principal component 2 (PC2), and principal component 3 (PC3) allowed the separation of individuals according to their geographic origin. A total of 40,958 SNP shared among 136 breeds (134 from DRYAD and 2 Sicilian breeds) and 1,683 individuals were analyzed.
The Sicilian breeds showed outlier behavior for the values of PC2, with all individuals spread over the entire range of variability pertaining to the second component (Supplemental Data Fig. 1) . Therefore, the observation that all breeds except the Sicilian ones had a small range for PC2 (from -0.005 to 0.058) required plotting PC1 and PC3. An analogous situation was reported by Kijas et al. (2009) in a study on the genetic structure of sheep breeds. Despite the different numbers of SNP (40,958 vs. 43,043) and the different components (PC1 and PC3 vs. PC1 and PC2) used in our study, Fig. 1 shows the same results as those reported by Decker et al. (2014) , such as the separation between B. t. taurus and B. t. indicus breeds and the divergences between African and Eurasian taurines.Principal component 1 separated the individuals into several nonoverlapping clusters that corresponded with (sub)species and the geographical origin of each breeds. Using PC3, the Sicilian cattle breeds were closer to individuals of B. t. taurus from Europe (that included Italian cattle breeds), according to their geographic distribution, and to individuals of B. t. taurus from Asia. In fact, as reported by Decker et al. (2014) , European cattle breeds were exported to Asia and admixed with Asian taurines. Moreover, the Sicilian breeds formed nonoverlapping clusters with other breeds. Kijas et al. (2012) , in a genome-wide analysis of the world's sheep breeds, reported a similar result for the Sicilian breeds that formed a separate clusters with respect to the others. Ancestry models with 4 ancestral populations implemented in Admixture (Fig. 2) provided the same results as those reported by Decker et al. (2014) that used an ancestry model with 3 ancestral populations. In fact, the 3 major groups of Asian indicine, Eurasian taurine, and African taurine were consistently observed (Fig. 2) . Admixture corroborated the findings based on the PCA using the first 2 components; that is, the Sicilian breeds formed a separate cluster (Supplemental Data Fig. 1) . These results reflected the differences between breeds resulting from separate domestic events, geographic dispersal and isolation, and breed formation (Decker et al., 2014) .
Genetic Structure of Sicilian Cattle Breeds
Principal component analysis was also used to cluster animals and explore in detail the relationship within and among Sicilian cattle breeds. As mentioned before, a sample of HOL was included in this analysis. A total of 38,925 SNP and 236 individuals were analyzed. The PCA of the first 2 components showed that animals from the 3 cattle breeds formed nonoverlapping clusters and are clearly separated populations. In addition, a clear genetic division between the Holstein and Sicilian cattle breeds was observed (Fig. 3 ). The Heatmap of genetic similarity corroborated the findings obtained with the PCA and showed that individuals from HOL and MOD were closer to individuals from their same population than to individuals of the CIN breed that showed the presence of substructure (Supplemental Data Fig. 2) . Genotype data were also analyzed using a Bayesian clustering algorithm to search for admixture between populations and to infer population structure. Results from analysis of admixture considering a range from 1 through 6 potential clusters (K) pointed out that the greatest average likelihood value with the smallest variance among replicates was obtained for K = 4. The value of ln Pr(G|K) increased from K = 1 to K = 4, reaching a plateau at K = 4, did not show a significant fluctuation from K = 4 to K = 5, and then decreased for K = 6 (Supplemental Data Fig. 3 ). For K = 2 Sicilian breeds clustered together and separated from HOL. For K = 3, although HOL belonged to a differentiated cluster, CIN and MOD presented some admixture between them. In addition, a low degree of introgression with HOL was observed in CIN. A graphic representation of the estimated membership coefficients to the 4 clusters for each breed is shown in Fig. 4 . HOL was the most differentiated breed, with 99.8% of the individuals assigned to cluster 1, whereas CIN animals showed a lower value of assignment, with a proportion of 46.9% of the individuals assigned to cluster 3 and 41.6% assigned to cluster 2. Cluster 4 included MOD individuals with 79.7% of the assignment value. Furthermore, 17.2% of MOD individuals were assigned to cluster 3, and 10.8% of CIN individuals were assigned to cluster 4 (Supplemental Data Table 2 ). Again, the results evidenced that MOD represented a wellsupported group, with some degree of introgression with CIN genes, whereas CIN was split in 2 groups. Therefore, model-based clustering suggested that admixture has occurred and genetic links exist between the CIN and MOD breeds. These results may be explained by considering that CIN and MOD are 2 ancient cattle breeds reared in the same area, with a possible (natural or artificial) gene flow between them and with a common history and breeding practices. The CIN herd book was established in 1996, and before that date, the individuals of the CIN breed were registered in the MOD herd book, which was established in 1975. Furthermore, for CIN, the clustering analysis suggested that the breed did not constitute a homogenous population and had the presence of substructure. Moreover, this substructure in the CIN cattle breed was confirmed by the PCA analysis performed with only the 2 Sicilian cattle breeds (Supplemental Data Fig. 4 ). However, according to the herd book and morphological traits recorded, it did not seem there were crossbred individuals among the samples used in this work; hence, the genetic structure detected for the CIN breed could be due to the geographical isolation and proximity of some farms and the sampling of CIN animals from independent farms. In the Sicilian farming system, particularly for local breeds, natural mating is the common practice, and the exchange of males among herds is quite unusual (Mastrangelo et al., 2012) . This leads to an increase of inbreeding within the population and would generate a population subdivision as consequence of genetic drift (e.g., the Wahlund effect). A PCA conducted considering only CIN animals (Supplemental Data Fig. 5 ) showed that individuals that clustered together belonged to farms located in the same geographic area. In fact, as suggested by Pritchard et al. (2000) , the inferred clusters are not necessarily the corresponding real ancestral populations, and they can be determined by sampling schemes. Moreover, the presence of a substructure could evoke concerns about the generation of false-positive results when using LD mapping as the only means to locate genes underlying complex traits (Beghain et al., 2013) . Therefore, the observed genetic structure was in agreement with the demographic history that occurred during the formation of the 2 Sicilian cattle breeds.
Inbreeding and Coancestry Molecular Coefficients, Rates of Inbreeding and Coancestry, and Effective Population Size in Sicilian Cattle Breeds
Traditionally, F and f are estimated on the basis of pedigree information (Wright, 1922) , but in most cases this information is unavailable or inaccurate in local breeds. Currently, with the availability of high-density SNP arrays, these coefficients can be estimated accurately in the absence of pedigree information (Allendorf et al., 2010; Li et al., 2011) . The average molecular F and f coefficients were 0.68 ± 0.024 and 0.67 ± 0.03 in CIN and 0.69 ± 0.020 and 0.70 ± 0.03 in MOD, respectively (Table 1) . Similar results were reported by Saura et al. (2013) in a study on genome-wide estimates of F and f coefficients in an endangered strain of Iberian pigs. High values of F and f coefficients in local breeds with low population size, such as CIN and MOD, can compromise the viability of the populations. In fact, in terms of genetic variability, the endangered populations are less diverse, probably because of the reduced number of animals. The estimate of the molecular f coefficient was slightly greater than those reported by other authors for local cattle breeds and populations characterized by a reduction in their population sizes (Ginja et al., 2010; Maretto et al., 2012) . Bozzi et al. (2012) , in a study for conservation of Tuscan cattle breeds using microsatellite markers, obtained a maximum value for the f coefficient of 0.48. The results for CIN and MOD were expected considering the reduced number of reared animals and a farming system where mating with close relatives can be quite frequent. Rates of molecular inbreeding (ΔF) and coancestry (Δf) per year were 0.004 and 0.022 for CIN and 0.007 and 0.010 for MOD, respectively (Table 1 , Fig. 5 and 6 ). Estimates of N e from ΔF and Δf are shown in Table 1 . The N e values estimated from ΔF were about 19 animals in CIN and 12 animals in MOD, and those calculated from Δf were about 4 and 8 animals in the CIN and MOD cattle breeds, respectively. The current estimates of N e were low, probably because of the intrapopulation genetic structuring. In animal breeding, the recommendation is to maintain N e of at least 50 to 100 individuals (Frankham, 1995) . Monitoring F and f coefficients is crucial to implement conservation programs because it is a strategy to avoid inbreeding depression and, in the extreme the risk of extinction (Frankham et al., 2002) . Moreover, managing the rates of inbreeding (F) and coan-cestry (f) provides a general framework to control the loss of variability by avoiding or alleviating the reductions in viability and fertility (Villanueva et al., 2004) .
Linkage Disequilibrium
The extent of LD is often used to determine the optimal number of markers required for fine mapping of QTL (Meuwissen and Goddard, 2000) , genomic selection (Meuwissen et al., 2001) , increasing the understanding of genomic architecture and the evolutionary history of the populations (Hayes et al., 2003) , and identifying regions influenced by natural selection. The extent of LD was first evaluated for each adjacent syntenic SNP pair. The average distance between adjacent SNP pairs for the entire autosomal genome was about 61 and 63 kb for the CIN and MOD breeds, respectively (Table 2) . Average r 2 between adjacent SNP was 0.162 ± 0.222 for CIN and 0.200 ± 0.247 for MOD, and some variations in the LD values within chromosomes were observed in both populations. The value of r 2 ranged from 0.138 ± 0.201 for BTA23 to 0.184 ± 0.240 for BTA7 in CIN and from 0.168 ± 0.212 for BTA23 to 0.234 ± 0.274 for BTA4 in MOD (Table 2) . Differences in LD among chromosomes have already been reported in Holstein cattle, and these can be attributed to the recombination rate, heterozygosity, genetic drift, and the effect of selection (Qanbari et al., 2010) . Other authors reported similar average LD at University of Edinburgh on November 6, 2014 www.journalofanimalscience.org Downloaded from values between adjacent SNP pairs among the 29 different autosomes (Bohmanova et al., 2010; Flury et al., 2010; Beghain et al., 2013) . The comparison of LD levels in different studies is not straightforward because of differences in several factors, such as sample size, type of LD measure (D´ or r 2 ), marker types (microsatellites or SNP), marker density and distribution, and population demography (Qanbari et al., 2010) . So far, studies of the extent of LD have been reported mostly for dairy and beef cattle breeds under selection, but there is little information about the degree of genome-wide LD in local cattle breeds and populations. Considering the LD levels between adjacent markers, the average r 2 in the MOD breed was comparable to those reported for] indigenous Swiss Eringer (r 2 = 0.24; Flury et al., 2010), Blonde d'Aquitaine (r 2 = 0.20; Beghain et al., 2013) , and Chinese and Nordic Holsteins (r 2 = 0.20 and 0.21, respectively; Zhou et al., 2013) , whereas the CIN breed had lower values. The results may be explained by considering the influence of selection on LD; in fact, the CIN breed is not subject to breeding programs, whereas the MOD breed is characterized by low selection pressure. Other factors, such as MAF and sample size, may be affecting the extent of LD within the genome. In both breeds, more than 66% of SNP had MAF greater than 0.2, suggesting that the effect of low MAF on the overall LD estimate should be small. Moreover, Khatkar et al. (2008) pointed out that a sample size near 70 individuals was sufficient for unbiased and accurate LD estimates (r 2 ) across marker intervals spanning <1 kb to >50 Mb. Supplemental Data Table 3 shows the average values of r 2 estimated for all pairwise SNP combinations on each chromosome per breed. The mean values of r 2 pooled over all the autosomes were 0.038 ± 0.024 for CIN and 0.065 ± 0.032 for MOD. The level of pairwise LD decreased with physical distance between SNP (Fig. 7) , with average r 2 ranging from 0.192 (CIN) and 0.234 (MOD) for SNP located up to 50 kb apart to 0.021 (CIN) and 0.027 (MOD) for SNP separated by more than 5,000 kb (Table 3 ). The LD decay in a genome determines the power of QTL detection in association mapping studies and helps us define the number of markers that are required for successful association mapping and genomic selection. Meuwissen et al. (2001) , in a simulation to predict genomic breeding values from dense markers across the whole genome with accuracies up to 0.85, found a required r 2 level of 0.2. Qanbari et al. (2010) considered a threshold of 0.25 as a useful LD value for association studies. Therefore, these results support the need for more dense SNP arrays for a high-power association mapping and genomic selection efficiency, particularly for CIN cattle breeds. Moreover, the lowest value of LD detected in the CIN cattle breed could be explained by an effect of the sampling method, given that individuals from different farms were collected, or by ascertainment bias, given that the CIN and MOD cattle breeds were not included in the design of the BeadChip array. In addition, the possibility of crossbreeding with other breeds in the past could have broken the patterns of LD.
Conclusion
This study has reported, for the first time, population structure estimates, levels of inbreeding and coancestry, and LD from a genome-wide perspective in the CIN and MOD cattle breeds. Our results indicate that animals from the 2 breeds formed 2 different clusters with some degree of gene exchange between them. The high levels of inbreeding and coancestry as well as the low N e obtained in this study could compromise the vi-ability of these populations and indicate the necessity of implementing conservation programs to preserve these breeds. Avoiding mating among relatives (i.e., minimizing coancestry) is a strategy to control the increase of inbreeding, and it is the responsibility of all breeders to participate in pedigree recording to perform the appropriate mating. On the basis of the LD analyses, these results support the need for more dense SNP panels for a high-power association mapping and efficient genomic selection, particularly for CIN cattle breeds. In fact, the level of polymorphisms gives insight into how the Illumina Bovine BeadChip performed for the Sicilian breeds, and this insight has implications for its application for Genome Wide Association Study and genomic selection in these breeds.
The information generated in this study has important implications from economic and scientific perspectives and highlights the necessity to implement a genomic-driven conservation program for these Sicilian autochthonous cattle breeds.
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